Carotid artery disease is one of the most important causes of stroke. In randomized controlled studies showed that rates of death and stroke are reduced by carotid endarterectomy for carotid artery stenosis in patients with symptomatic or asymptomatic [1] [2] [3] . Carotid endarterectomy (CEA) can be performed under general anesthesia (GA) or local anesthesia (LA). Succesful outcome can depend on technique which is used. CEA can be performed safely under LA and can improve the results as compared to GA [2] .
The aim of this study was to compare the results
Objective.
Carotid endarterectomy (CEA) reduces disabling or fatal stroke risk in patients with significant carotid stenosis. The aim of this study was to compare the results of CEA performed under general anesthesia (GA) or local anesthesia (LA) in patients with symptomatic severe carotid artery stenosis.
Method. We retrospectively collected the data on 64 patients who underwent CEA under GA (47 patients) and LA (17 patients) at our hospital from January 2010 to January 2014. 
Materials and Methods

Patients
After local ethics committee approved the study, we retrospectively collected the data on 64 patients who underwent CEA under GA (47 patients) and LA (17 patients) at our hospital from January 2010 to January 2014. Carotid stenosis was diagnosed with history and physical examination followed by Doppler USG, coronary and carotid angiography. Three patients had a history of coronary artery bypass grafting in the GA group.
Anesthesia and Surgical Technique
All patients were premedicated with midazolam intramuscularly before the operation. In both groups intraoperative monitoring included electrocardiography, invasive blood pressure measured from the contralateral radial artery and pulse oximetry. Induction in general anesthesia was performed with propofol, fentanyl and rocuronium and maintenance of anesthesia was included with isoflurane, fentanyl and rocuronium. Monitoring of neurological function during general anesthesia was based on stump pressure, and selective shunting used if stump pressure was below 50 mm Hg. Local anesthesia group was administered 2% lidocaine as local anesthetic. The patients were periodically examined with respect to clinical neurological status, cognitive functions, speech and attention issues, and muscular strength. All patients with altered level of consciousness underwent protective intraluminal shunt placement. Prior to carotid artery clamping, 5000 units of heparin was administered, which was not routinely neutralized. Operations were performed by standard CEA techniques or eversion techniques. At the former, a saphenous vein patch was placed whenever arteriotomy extended to internal carotid artery. In the latter, primary closure was performed. Neurological deficits were grouped as major or minor. The latter comprised transient ischemic attack or any other events that were terminated within 48 hours. Major neurological deficits included those that persisted more than 7 hours.
Statistical analysis
Statistical analysis was performed by using SPSS 15.0. All continuous data are expressed as ± standard error of the mean and categorical data are reported as a percentage. Continuous data were compared by Mann-Whitney-U and paired samples t tests, and non-parametric data by the chi-square test. A p value less than 0.05 was considered statistically significant.
Results
GA was used in 47 (% 73) patients for CEA procedures whereas the LA group included 17 (% 27) patients who received CEA procedures. Preoperative patient demographics, preoperative risk factors, indications for surgery and comorbidity factors were similar between the two groups and showed in Table 1 .
We found no significant differences in the number of patients with preoperative hypertension (GA: 68% vs. LA: 41%; p=0.510), coronary artery disease (GA: 62% vs. LA: 59%; p=0.835), chronic obstructive pulmonary disease (GA: 23% vs. LA: 15%; p=0.463),transient ischemic attack (GA: 21% vs. LA: 29%; p=0.517), amarosis fugax (GA: 4% vs. LA: 6%, p=0.945), cerebrovascular accident (GA: 43% vs. LA: 29%; p=0.341), diabetes (GA: 25% vs. LA: 12%; p=0.319), smoking (GA: 57% vs. LA: 59%; p=1.00), peripheral occlusive arterial disease (GA: 13% vs. LA: 24%; p=0.295) and contralateral ICA lesions, severe stenosis (>70%) (GA: 89% vs. LA: 88%; p=1.00).
Operative variables in the groups are shown in Table 2 . There were no statistically significant differences in death (GA: 4.2% vs. LA: 0% ; p=1.00), stroke (GA: 4.2% vs. LA: 0%; p=1.00), death/ stroke rates (GA: 2.1% vs. LA: 0%; p=1.00), nerve injury (GA: 2.1% vs. LA: 5.8%; p=1.00), use of shunt rates (GA: 8.5% vs. LA: 6%; p=1.00), saphenous vein patch closure (GA: 83% vs. LA: 59%; p=0.051), length of hospital stay (GA: 8.2±5.7 days vs. LA: 6.2±2.9 days; p=0.275), hematoma rates (GA: 0% vs. LA: 5.8%; p=0.266) and transient ischemic attack rates (GA: 4.2 % vs. LA: 0%; p=1.00) between the two techniques. Mortality occurred in two patients due to stroke and myocardial infarction. The both patients were in the GA group. (15) 32 (68) 12 (25) 7 (15) 6 (13) 27 (57) 29 (62) 10 (21) 2 (4) 20 (43) 30 (64) 10 (20) 4 (8) 1 ( COPD=chronic obstructive pulmonary disease, CVA=cerebral vascular accident, GA=general anesthesia, IHD=ischaemic heart disease, LA=local anesthesia, PAD=peripheral arterial disease, TIA=transient ischemic attack. 
P value GA
Discussion
Previous randomized controlled studies and metaanalyses have shown that reduced rates of death or stroke are associated with CEA performed for both symptomatic and asymptomatic carotid artery stenosis [1] [2] [3] [4] . European Vascular Surgery guidelines strongly recommend CEA for symptomatic carotid artery stenosis degree greater than 70%. CEA operation is also reasonable when the stenosis degree is greater than 50% unless the operative rate for stroke or mortality of the performing center exceeds 6% (North American Symptomatic Carotid Endarterectomy Trial; NASCET) [5] . In our institutional experience, a mortality rate was 4.2% (n=2). Although many methods including transcranial Doppler USG, stump pressure measurement, peri-operative EEG and somato-sensorial evoked potentials, have been used to establish the level of cerebral perfusion during arterial cross-clamping, there is no consensus to answer whether which technique is superior? Gurer et al. [6] reported that LA was associated with a significantly lower operation time, shunt usage rate, length of hospital stay, and rates of permanent stroke. Restenosis rates, neurological events, and deaths were similar in the 2 groups at long-term follow-up. However, the rate of shunt placement as well as operative time was lower in LA group than the general anesthesia group. Similarly, intensive care unit requirement, duration of hospital stay, and treatment costs were also lower in the local anesthesia group [7, 8] .
In a study by Surer et al. [9] a greater benefit was observed with use of LA with respect to results of intraoperative motor and mental monitoring. LA also provided more protective effects against complications associated with intubation in elderly patients with comorbid conditions, particularly chronic respiratory diseases. Lutz et al. [3] did not report any significant difference between LA and GA groups with regard to death or stroke, while cerebral events (ischemic attack and stroke) and haematomas were more prevalent in the general anesthesia group. One patient in LA group was reoperated for a haematoma in our study. Halm et al. [10] performed a multivariate analysis for clinical features and operative techniques responsible from risk-adjusted rates of combined death and nonfatal strokes or all strokes. In their study, patients with no carotid symptoms had a death or stroke rate of 2.28%; patients with carotid TIAs had a rate of 2.93%; and those with preoperative stroke had a rate of 7.11%. They found three factors associated with a greater risk-adjusted likelihood of complications: stroke as the indication of surgery, presence of coronary artery disease, and contralateral carotid stenosis. LA usage and patch closure technique application were associated with significant reductions in risk-adjusted odds of death or stroke. The authors suggested that these 2 operative techniques may be associated with reduced death or stroke rates. Stoner et al. [11] reported a significantly reduced perioperative complication rate associated with use of LA, especially in high-risk patients undergoing CEA. On the contrary, some studies found no significant differences between LA and GA in terms of stroke, death, and myocardial infarction at postoperative 30 days [12] [13] [14] [15] . Surgical strategies including one-or two-stage operations have been suggested to minimize perioperative neurological and cardiac complications [16, 17] . In a sequential retrospective study Ferrero et al. [18] compared the results between LA and GA for 428 CEAs. In their study the morbi-mortality was not influenced by the type of anesthesia used for carotid surgery. They did not detect statistical difference in the perioperative neurological and cardiopulmonary complication rates between LA and GA groups. In another retrospective study, Watts et al. [19] reported that there was no difference between LA and GA with regard to neurologic complications with 582 patients. Kasprzak et al. [20] could also not observed significant differences in the perioperative neurological and cardiopulmonary complication rates between LA and GA in patients undergoing CEA. General Anesthesia versus Local Anesthesia for Carotid Surgery (GALA) trial was a multicenter (95 centers in 24 countries), randomized controlled study comparing LA and GA during surgery in 3526 patients who had either symptomatic or asymptomatic carotid stenosis. It showed no significant difference between the two study groups at 30-day follow-up with respect to death, stroke, stroke or death, myocardial infarction, and length of hospital stay [2] .
The limitation of the study
Firstly, this study is a retrospective and single center experience. Secondly, the number in the study groups was low, therefore statistical analysis was limited.
Our clinical experience and results of CEA are consistent with literature. Incidence of stroke and death after both procedures is low. Nonrandomized clinical trials proposed potential benefits of LA over GA, but these studies have a retrospective review. Type of anesthesia does not affect the outcome of surgical treatment of carotid disease. LA can be a safe option for evaluating the better neurological status during operation.
